In order to explore the influence of the mining fracture of the lower coal seam mining to the previous upper coal seam mined in close distance coal seams, the shallow multi-seam of XinLiangyou mine in county Pu of Shanxi Province is selected as study field to establish a numerical model of multi-seam mining in close distance coal seams with RFPA
Introduction
Coal industry is the pillar sector of national economy. It accounts for 76% of energy production and 68.9% of energy consumption in China's main energy. In the past 20 years, mine water disaster was the first accident in various kinds of coal mine for the direct economic loss [1] . However, mining fracture of strata is one of the main passages of water inrush. Currently, scholars have done a lot of simulation on the failure of overburden as well as the rule for development of fracture. Pu Hai, Miao Xiexing etc. simulate the falling process of the overlying rock in fully-mechanized top-coal caving stope by using the RFPA 2D software. The dynamic distribution patterns of the caving of the overlying rock and the abutment pressure in surrounding rock are analyzed [2] . Wang Xufeng, Zhang Dongsheng etc. analyze the evolution law and the distributing features of mining-induced fissures in overburden rock along the strike and dip of stope using nonlinear numerical analysis software UDEC, and the height of the water-conducted fissure zone is calculated by using the comprehensive strength of rock as the variable [3] . Most numerical simulations in the past were researched under the conditions of single-seam mining. And in the area of multi-seam mining, Liu Hongyuan etc. use SFPA 2D to simulate the strata failure process with multi-coal strata mined [4] . Zhang Yujun etc. apply water loss observation in borehole and borehole television to detect failure height of overburden in mining multi-seam with near distance [5] . Zhou Junsheng etc. base on result analysis of surface movement observation data to include different period movement rules of repeated mining in close inclined coal seams [6] . Wang Zuoyu, Zhang Jianhua etc. analyze and summarize the particularity of movement rules of floor rock for repeated mining [7] . However, researches on the influence of mining combined with numerical simulation and field measurement method have not been reported up to now. In order to explore the influence of the mining fracture of the lower coal seam mining to the previous upper coal seam mined in close distance coal seams, the shallow multi-seam of XinLiangyou mine in county Pu of Shanxi Province is selected as study field to establish a numerical model of multi-seam mining of close distance coal seams with RFPA
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. The failure of overburden as well as the rule for development and redevelopment of fracture is studied and the change rule of vertical stress for workface is analyzed, too. Eventually, the results of simulation are consistent with the observation. So it may provide a certain guidance of controlling water disasters to XinLiangyou mine and be taken an example by the similar situation in mine.
Mine Geology
XinLiangyou minefield is located in area named XiangPandi village, which is in east of county Pu and south of LuLiang Mountains, where we can find in Fig.1.(a) Fig.1.(b) shows the terrain is so complicated that the surface which single workface corresponds crosses several gullies. The main coal seams that can be mined are 2# coal seam and 3# coal seam of P1s and 11# coal seam of C3t. The 2# coal seam is above the P1s and average depth is 78.37m. Its thickness is about 0.68-2.14m and the average is 1.18m. It contains gangue with 0-1 layer. The roof lithology of 2# coal seam is mudstone, siltstone, medium sandstone and fine sandstone. The bottom lithology of 2# coal seam is mudstone. As to 3# coal seam, it is under the P1s and average depth is 87.62m. Its thickness is about 0.47-1.26m and the average is 0.76m. But it does not contain gangue. The roof lithology of 3# coal seam is mudstone and bottom lithology is mudstone as well as sandy mudstone. But the fine sandstone can be discovered occasionally. The average distance between 2# coal seam and 3# coal seam is 8.89m. The structures are both simple. And sandstone aquifer is above the 2# coal seam and the 3# coal seam. K8 is classified into direct waterfilled aquifer of coal seam, which is the fractured aquifer of weak-medium abundant. 
Selection and the Principle of Simulation Software
Based on finite element theory, RFPA 2D (Rock Failure Process Analysis) introduces the heterogeneity of rock material parameters into calculation unit which can simulate the characteristics of nonlinear constitutive layers very well. In particular, it can simulate the crack initiation, expansion, and with the advance of workface how the key strata of overburden develop. The system uses distributed excavation to study the failure of overburden and the stress re-distribution caused by advancing workface. So it can simulate the dynamic changes of mining rock failure process.
In order to take account of the heterogeneity of medium mechanical properties and complexity of failure process caused by the heterogeneity, RFPA 2D brings in three kinds of characteristic element, namely, matrix element, air element and contact element. Under certain conditions, the mechanical properties are completely changed by a sudden conversion which can be called phase transition. And the critical condition is the phase transition point. Fig.2 presents what conditions are to change the element and phase transition. In the influence of mining, coal and rock turn out damage and deformation. When the stress state or strain state of microscopic units meets a given damage threshold, the units begin to damage. Equation (1) below expresses the elastic modulus of damage units.
Where, D is damage variable, E and E0 are the elastic modulus of damage units and non-destructive units.
Mohr-Coulomb can be used by failure criterion, which is calculated with Equation(2).
Where, is internal friction angle, c f is uniaxial compressive strength.
When shear stress reaches the damage threshold, the damage variable can be estimated with Equation(3).
Where, cr f is compressive residual strength, 0 c is maximum compressive strain, r is residual strain.
Establishment of the Numerical Model
According to the geological and rock mechanics data then combining 3-3, 3-4, 4-1, 4-2 and other drilling columnar, Table 1 shows the mechanical parameters of coal seams by merging and generalizing. So the numerical model that is consistent with actual situation can be established. Obviously, the lower coal mining can lead to the redevelopment of mining fracture and increase the height of previous upper coal mined, which result in affecting aquifer even surface water, may easily cause the water inrush accident. Fig.6 we can find out the abutment pressure of coal with the stress concentration. Its value increases slightly with the advance of workface because of the increase of stress concentration coefficient caused by enlargement of the gob. The abutment pressure peak formed in front of the gob increases gradually and the position of extreme point moves forward constantly. And the pressure peak is located in front of workface and the region of cut. Not only that but also we can conclude the value of stress concentration coefficient is 4.0 when 2# coal seam advances 100m and the value of stress concentration coefficient is 3.0 when 3# coal seam advances 100m. So the value of advancing 100m for 3# coal seam is less than the value of advancing 100m for 2# coal seam. The reason is 2# coal seam mining has already made the destruction of upper strata which become incomplete structure. When 3# coal seam is mined, the statics pressure of 3# coal seam is increasing and the dynamic pressure is decreasing. So the dynamic load coefficient is decreasing, too. Ultimately, it results in the reduction of stress concentration coefficient.
Results and Analysis of Numerical Simulation

Field Measurement
The drilling observation of field indicates that with the advance of the 2# coal seam and 3# coal seam mining, the destruction of roof and floor are gradually increased. The mining fracture height after 2# coal seam mining is 32m from 2# coal seam gob by test and the sandstone aquifer is not linked up by mining fracture. The mining fracture height after 3# coal seam mining is 56m from 3# coal seam gob but the mining fracture has developed into the sandstone aquifer. Even at somewhere shallow, the mining fracture has been through the surface crack, which is showed in Fig.7 . The mining fracture height of 2# coal seam grows about 14m because of 3# coal seam mining. According to the test data, the mining fracture height gets 46m from 2# coal seam gob. So lower 3# coal seam mining can lead to the redevelopment of mining fracture and increase the height of previous upper 2# coal seam mined, which result in affecting aquifer even surface water, are basically the same with the results of numerical simulation. 
Conclusion
(1) The results of numerical simulation indicate that the lower coal seam mining in close distance can lead to the redevelopment of mining fracture and increase the height of previous upper coal seam mined, which may easily cause the water inrush.
(2) Repeated mining in close distance multi-seam can lead to the decrease of vertical stress concentration coefficient of mining field. It is important to choose support. The goafshield can be selected whose setting pressure is great and support strength is strong.
(3) The loess of small particles nearby can be chosen to backfill the surface crack. So XinLiangyou mine can safely spend the rainy season to avoid water inrush.
